A model is used to identify counties in Missouri in which the supply of physician services is inadequate to serve the resident population. In the model, a formula is used to assess the gap between the physician services available in a county and the visits which would be required to serve the residents. Incorporated in the model are adjustments for the age and specialty of the physicians and the age and sex of the population. The model is applied to 1976 and 1981 data in order to analyze the changes which have occurred within the state during that time.
Introduction
In the past, numerous studies have been conducted in an effort to evaluate systematically the adequacy of the supply of physician services in the United States. In general, these studies have focused on evaluating the adequacy of the supply of physicians at either the national level or in a specific region or state. While most of the earlier studies indicated that the major problem in the United States was an overall numerical shortage of physicians, some researchers recognized that maldistribution, not numerical shortages, was the real problem. More recently, studies have increasingly indicated that the major problems now facing the system are those of maldistribution and misutilization of existing manpower, rather than numeric inadequacy. As more attention is focused on the issue of geographic and specialty maldistribution, additional efforts will be made to evaluate the availability of and accessibility to physician services (especially primary care) in individual or substate areas. In this paper, a model is used to assess the adequacy of the supply of physicians in Missouri to serve the needs of the residents. A version of the model utilized in this study was used earlier'.2 to evaluate the adequacy of physician manpower in Missouri in 1976. This paper focuses on evaluating the changes which have occurred between 1976 and 1981 in the ability of physicians in Missouri to meet the needs of the population.
Method
Relevant data were The formula used to estimate the potential ability of the supply of physicians in Missouri to meet the medical needs of the population estimates the potential requirements for physician services by the residents in a county and the potential capacity of physicians located in that county for serving that requirement. The potential demand (requirements) and supply (capacity) calculations are estimates of utilization and productivity, not actual measures. These estimates assume that West North Central Census Region utilization and productivity rates are appropriate levels for analyzing the medical needs of the population in Missouri.
The unit of analysis in this study is the county. While recognizing that politically defined boundaries often do not accurately reflect medical catchment areas, data availability dictates the type of analyses performed. Current data do not enable actual utilization patterns to be observed; therefore, the assumption is made that individuals will "prefer" to obtain services (especially primary care services) within the county in which they reside.
The result obtained with the formula is a "resource gap" index. This index is the ratio of potential capacity to potential requirements and is expressed as a per cent of need met. The net resources gap for the state is then obtained by examining the county deficits and/or excesses of need.
The potential demand for physician services is defined as an annual number of physician visits potentially utilized by the population residing in a county. This utilization rate is considered to be a function of the age and sex of the population. It is also assumed that accessibility is invariant across all age/sex groups within the counties. That is, the potential demand is viewed as a desired level of health care utilization irrespective of economic considerations or actual availability of services in the county. Averages from the West North Central Census Region (in which Missouri is *This survey is conducted annually, with the questionnaire being inserted in the licensing renewal notification. Although physicians are not required to answer the questionnaire to renew their license, the completion rate usually exceeds 95 per cent. Consistency of responses is checked by comparing current information with past information received and discrepancies are followed up and resolved. located) were used in this study to estimate productivity and utilization rates. The formula used in computing the estimated annual number of physician visits utilized by the population in a specific county during a specific year can be found in Appendix A.
To test the responsiveness of the results obtained to the assumptions made concerning the rates of productivity and utilization, national averages were substituted for the regional productivity and utilization rates. By varying the rates used in the formula, it was possible to see if a significant change would occur in the counties designated as physician shortage areas. The use of national averages resulted in only seven fewer counties being designated as physician shortage areas.
Use rates were computed by dividing the total number of visits produced by all physicians into the number of visits produced by primary care physicians and then multiplying the resulting percentage by the average number of visits utilized by the population in each of the age/sex categories. In this study, primary care physicians were defined as MD and DO physicians who reported a primary medical specialty of: general practice, family practice, internal medicine, pediatrics, obstetrics and/or gynecology, and general surgery. It is assumed that the type of services (primary/ specialty) utilized was invariant across all age/sex categories. This assumption is supported by data reported in the National Ambulatory Care Survey.'0 Table I provides The potential supply of physician services is defined as an annual number of physician visits potentially produced by the physicians located in a county during a year. This productivity rate is considered to be a function of the age and specialty of the physicians. It is assumed that the relative productivity patterns among physician age cohorts do not differ by specialty, i.e., that physicians in the 45-49 age cohort, regardless of specialty, are 11 per cent more productive than physicians in the 30-34 age cohort.
An additional assumption made in this study is that the average productivity of DOs (doctors of osteopathy) is comparable to that of MDs. Since DOs comprise over 20 per cent of the total supply of physicians in Missouri, the validity of this assumption has major implications. The published productivity data are based on a survey of MDs. In an earlier study,2 a panel of physicians (MDs and DOs) concurred with the comparable productivity assumption. See Appendix A for the formula used in computing the estimated annual number of physician visits produced by the physicians in a specific county for a specified year.
Several calculations were necessary to obtain the estimated annual number of physician visits produced: * First, in deriving the relative productivity of physicians by age, it was assumed that a 30-34 year old physician represented the base for measuring average output. The output of physicians in all other age categories was then calculated as a percentage of the output of physicians 30-34 years old.
* Second, the average number of office visits provided per week was multiplied by the corresponding average number of weeks worked per year to obtain the average annual productivity rate by type of primary care physician.
* Third, the average output of specialist was a residual obtained by subtracting the number of visits provided and then dividing by the number of active specialist. Table 2 provides the estimated average visits per physician per year used in calculating potential supply of physician services for 1976 and 1981.
The resource gap in a county is defined as the difference between the potential supply of physician visits available in the county and the potential demand for those services. This resource gap is expressed as a per cent of need met and is computed with the following formula:
Resource Gap = (Total Visits Provided/Total Visits Demanded) x 100. For policy purposes, this total resource gap score was subdivided into the need for primary care and specialty services. This division is especially important in the rural areas where population density is insufficient to support medical specialists."
In this study, counties were defined as having a physician shortage if physicians located in the county were capable of supplying less than 100 per cent of the estimated needs of the population. Using this criterion, Missouri counties with a shortage of primary care physicians or specialists were identified for 1976 and 1981.
Results
Between 1976 and 1981, the number of active physicians in Missouri increased from 6,388 to 8,581 (34.3 per cent). The number of primary care physicians increased from 3,325 to 4,705 (41.5 per cent), while the number of specialists increased from 3,063 to 3,874 (26.5 per cent). During this time, the population in Missouri increased from 4,787,000 to 4,916,686, or only 2.7 per cent.
In analyzing the data, the counties experiencing physician shortages were found primarily in rural counties, with many of the more severe inadequacies being clustered in the south central portion of the state. Since the shortages are primarily in rural areas, primary care was considered to be the more relevant unit of analysis. Table 3 provides data on the per cent of primary care needs met by county size in 1976.
In 1976, there were 70 counties in Missouri having a shortage of primary care physicians. While these 70 counties comprised 61 per cent of the 115 counties in Missouri, the population residing in those counties accounted for only 30.7 per cent of the total state population. Of these 70 shortage areas, 42 counties could meet less than 75 per cent of their population's primary care needs; however, these 42 counties contained only 15.7 per cent of the state's population. Statewide, the ability of physicians to meet 125 per cent of the population's needs indicate that the physician manpower problem in Missouri in 1976 was already one of geographic maldistribution rather than an overall shortage.
In 1981, 45 counties in Missouri were estimated to have a shortage of primary physicians; these 45 counties contained only 16.5 per cent of the total population in the state. The number of counties capable of meeting less than 75 per cent of their population's primary care needs had decreased to 27 and contained only 10.6 per cent of the state's population. The potential supply of primary care physicians in Missouri exceeded estimated need by 46 per cent in 1981. Figure 1 illustrates the relative changes that have occurred between 1976 and 1981 in the per cent of primary care need met in Missouri counties.
The analyses showed that some movement of physicians into counties with smaller populations did occur between 1976 and 1981. However, those counties with fewer than 25,000 people suffered losses. Of the 24 counties experiencing a decline in meeting the needs of their populations, 23 had populations of less than 25,000. Twelve of these 23 counties (52 per cent) had populations of less than 10,000, and seven (30 per cent) had populations between 10,000 and 14,999.
On the other hand, of the 54 counties experiencing an improvement, nine (17 per cent) had populations under 10,000 in 1976; 13 (24 per cent) had populations between 10,000 and 14,999; 18 (33 per cent) had populations between 15,000 and 24,999; and 14 (26 per cent) had populations of 25,000 and over. Consequently, those counties with fewer than 10,000 residents experienced a net decrease in their abilities to meet the primary care needs of their populations. The age distribution of primary care physicians in Missouri, especially in the smaller, rural counties, is a matter of concern. As shown in Table 4 , the relative number of primary care physicians aged 60 and over is increasing, most sharply in those counties with populations under 10,000.
The size of the population base required to support specialty services means that most Missouri counties are not appropriate for evaluating specialty physician services. Consequently, regional referral centers are identified and their geographic distribution analyzed. A referral center is defined as any county with the ability to supply more than 100 per cent of the specialty services required by its residents. In 1981, 23 counties in Missouri were classified as specialty referral areas, compared to 17 counties in 1976. The amount of specialty services available in these counties was estimated to be more than sufficient to meet the needs of the residents of the state in 1981, especially when supplemented by the specialty services available in 36 additional counties. Table 5 provides information on the per cent of specialty care needs met in Missouri by county size in 1976 and 1981.
This discussion concerning specialists assumes that access to services is not unduly restricted by the geographic distance (time and travel costs) facing some patients. The analysis of specialists also makes no attempt to address the appropriateness of the types of specialists represented.
Discussion
Numerous governmental programs, at both the state and national levels, have been undertaken to improve access, especially to primary care. In general, these approaches have been supply-side policies, focusing on increasing the number of physicians available.'2 Although the number of physicians available within Missouri has increased, their geographical distribution continues to pose a problem. There is continued increase in physicians locating in existing oversupplied areas. The expectation that physicians can be persuaded to locate in small rural areas may be unrealistic. Alternatives to physicians should be considered.
The rationale for supply-sided interventions is grounded in traditional competitive economic theory. This theory maintains that as one market area becomes saturated with physicians, the intense competition for patients will create incentives for physicians to move to lesser served areas. 12 At issue is whether the market for physicians is sufficiently different to suppress the competitive pressures for diffusion.
According to findings in studies conducted by Newhouse, et al,"I the distribution pattern of physicians has improved as the supply of physicians has increased. Based on the data in these studies, the authors maintain that competitive pressures have influenced the distribution of physicians and that as the supply of physicians has increased, not only have smaller communities gained primary care physicians, but specialists have also moved into smaller communities. While the Missouri data tend to support these conclusions, certain contradictions are found. Between 1976 and 1981, the state's supply of physicians increased by 2,193. Of these, 1,380 were primary care physicians and 811 were specialists. During these five years, the number of underserved counties decreased from 70 to 45, and the population residing in underserved counties declined from 30.7 per cent to 16.5 per cent of the total population. During that time, however, conditions in 24 counties declined and 50 per cent of those counties had populations of less than 10,000. The increased proportion of the physicians aged 60 and older in these counties magnifies the problem of underservice.
In terms of specialists, the number of counties capable of serving as referral centers increased from 17 to 23. On the other hand, there were six fewer counties offering at least some specialists' services in 1981 than in 1976, suggesting that, contrary to the Newhouse findings, as the number of specialists increased in Missouri, they did not establish practices in the lesser populated areas. During the five-year period under study, the gap widened between the areas with the greatest ability to meet their population's needs and the areas least able. These findings are indicative of the large reservoir of physicians which would be necessary in order for them to "trickle down" to the underserved areas. As other studies have indicated,13-15 selective recruitment, loans tied to a service commitment, and financial and peer support programs tied to specific underserved areas may offer greater returns than simply increasing the number of physicians in the market.
While each of these programs is based on the premise that physicians are the only viable solution to the underservice problem, they basically ignore the potential for meeting the health care needs of underserved areas with alternative providers, such as nurse practitioners and physician assistants. The possibility of attracting these types of providers to the more sparsely populated areas should be explored further. In developing public policies to address the problem of underservice, consideration of the ability of medical providers in adjacent counties to supply services is also warranted. 
